In the present paper, the effect of cooling slope casting (CSC) parameters process, typically, pouring temperature (T), cooling slope length (L) and tilt angle (θ), on the microstructure of A356 cast aluminum alloys was studied. The analysis of variance (ANOVA) statistical technique was carried out to clarify the relationship between the aforementioned parameters and the microstructure variables, typically, the shape factor (S.F.) and the grain size (G.S.) of the α-Al primary phase. The uniformity of the microstructure in both the axial and radial positions of the ingots was also evaluated statistically. The results revealed that the tilt angle has the highest significant effect on both shape factor and grain size. 
Thixoforming is a semi-solid processing (SSP) technique that has the advantage of both die casting and forging processes [1] [2] [3] [4] [5] . It uses semi-solid slurries that has a thixotropic property, i.e. it can be flow like a liquid when sheared and when it at rest it solidifies again [3, 5] . Such technique is used to produce parts needed for the automotive industry [2, 3, 6, 7] . In thixoforming a specialized non-dendritic (thixotropic) feedstock is required. The nondendritic feedstock microstructure can be obtained by a variety of means during cooling including mechanical stirring and electromagnetic stirring [8] [9] [10] . Such techniques involve application of some sort of external shearing action. Recently, a simple and versatile technique known as cooling slope casting (CSC) was developed to produce thixotropic feedstock without the need of the application of external shearing action [2] [3] [4] 7, 10, 11] . The semi-solid slurry is allowed to flow down an inclined surface. During this process, the shearing action takes place within the mush which slides down an inclined cooling slope due to natural gravity Paper: ASAT-16-079-MS The influence of the CSC parameters on the microstructural characteristics of A356 aluminum ingots was studied by many investigators [1, 2, 4, 7, [11] [12] [13] . For example, Taghavi and Ghassemi [2] studied the effects of the cooling length and angle of inclined plate on the thixotropic microstructure of A356 aluminum alloy. The molten alloy with 680 o C superheat was poured on the surface of the inclined plate at different values of angles and lengths. It was found that the slope angle and cooling length of inclined plate affect the size and morphology of α-Al grain. Hosseini et al. [1] investigated the effect of pouring temperature, cooling length and tilt angle of copper made plate on the microstructure of the A356 aluminum alloy. The molten alloy with the temperature of 680, 650 and 625ºC was poured on the surface of the plate where cooled with water circulation in various tilt angles (30°, 40°, 50°, 60°) and lengths (300, 400, 500, 600, 700 mm). It was found that there is an optimum length in which minimum grain size and maximum sphericity can be obtained, at a constant tilt angle and pouring temperature. Also, it was found that there was a suitable tilt angle in which minimum grain size and maximum sphericity can be obtained, at a constant pouring temperature and length. There results indicate that condition of 60° and 600 mm is suitable cooling plate tilt angle and pouring length presenting the minimum grain size of 81 μm and maximum shape factor of 0.72 with highest uniformity. Haga et al. [12] studied the effects of the casting factors such as tilt angle and cooling length on the process to make semisolid slurry. The results show that these factors affect the behavior of the semisolid slurry on the cooling slope. The tilt of the slope is the factor that has major influence on the behavior of the semisolid slurry.
In the present study, the influences of the CSC parameters such as pouring temperature, cooling slope length and tilt angle of the inclined plate on the microstructure of A356 cast Al-Si aluminum alloy were investigated. The effect of the aforementioned parameters on the uniformity of the microstructure thought out the A356 aluminum ingots was also examined .The analysis of the experimental results was carried out using analysis of variance(ANOVA). The ANOVA is useful in understanding the effect of CSC parameters and their interactions on the microstructural characteristics of the α-Al primary phase such as the shape factor (S.F.) and grain size (G.S.).
EXPERIMENTAL PROCEDURES

Material
In the present work, the A356 Al-Si cast aluminum alloy is used with the chemical composition shown in Table 1 . The differential scanning calorimetric (DSC) analysis showed that the liquidus and solidus temperatures of the alloy are 615 and 572 o C, respectively. 
Cooling Slop Casting Process
The CSC process was carried as follows: about 850 g of A356 alloy was melted at 680 o C in a graphite crucible located at a resistance furnace. After complete melting, degassing process by dry argon inert gas was carried out to remove any undesirable dissolved gases in order to prevent the formation of gas bubbles inside the ingots, then the molten alloy was allowed to cool down to the required pouring temperature, then poured on the surface of an inclined 100 mm wide mild steel plate as shown in Fig. 1 . The plate is coated with a thin layer of hard Chromium to prevent adhesion between the molten metal and the plate. The cooling plate tilt angle was adjusted to desired angles of with respect to the horizontal plane. Also, the Paper: ASAT-16-079-MS flow length of the molten metal over the plate can be adjusted to the required pouring length. The semisolid metal formed at the end of the inclined plate collected in a steel mold located under the inclined plate then leaved to cool down. The steel mold had a diameter of 50 mm and height of 160 mm with a draft angle of 2º for easy removal of the solidified ingot.
Microstructural Investigations
After solidification, the produced ingots were sectioned horizontally into discs, having 25 mm radius and5 mm thick, from the top, middle, and bottom sections as shown in Fig. 2 . Metallographic specimens were ground and polished using standard metallographic techniques. The samples was etched using keller's etchant (2 ml Hydrofluoric acid, 3 ml Hydrochloric acid, 5 ml Nitric acid, and 190 ml distilled water), then examined using Olympus optical microscope. The metallographic images were taken from the wall zone (radius), mid-radius and center zone of the specimens as shown in Fig. 2 . The size and shape factor of α-Al grains were determined using image analyzing techniques. The shape factor of the grains was determined from the following equation [1] :
Where: P is the perimeter and A is the area of α-Al grain. For a perfect circle, the shape factor would be one. 
Design of Experiment (DOE)
In order to investigate the effect of CSC process parameters on the different responses (i.e. grain size and shape factor), the three levels factorial design of experiment (DOE) technique was performed. The factorial design technique was adopted in order to investigate the different interactions between CSC variables. With factorial design one can have responses at all combinations of the factors levels. Other reason is the number of generated runs with three factors and three levels is acceptable from the economical perspective. The independent parameters are pouring temperature, tile angle and the cooling slope length. Table 2 summarizes the independent parameters and their levels. The pouring temperature levels were adopted based of the work of Ghavamodini et al. [4] . Also, the levels of the tilt angle were selected relying on the work of Haga et al. [13] . In addition the levels of the cooling slope length were selected as presented in the work of Hosseini et al. [1] . This design of experiment gives a total of 27 ingots.
The analysis of experimental results was carried out using analysis of variance (ANOVA) approach. The ANOVA is a very useful statistical method in understanding the effect of casting parameters and their interactions on the value of shape factor and grain size of α-Al grains. From results of ANOVA one can obtain the most and lowest significant parameters. Furthermore, the relative standard deviation (RSD) has be used to determine the maximum uniformity of shape factor and grain size in both axial and radial directions of the ingot. The RSD gives the variation as a percentage of the mean (average). More uniform data yield a smaller RSD. It is expressed a relative relation between variation and data mean. It can be obtained according to the relation: RSD = σ/µ, where σ: is the standard deviation and µ is the mean value of the data. The statiscial and ANOVA calculations were performed using MiniTab commercial statistical software. Paper: ASAT-16-079-MS
RESULTS & DISCUSSION
Effect of CSC Parameters on the Grain Size of the primary α-Al Phase
Figures 3 and 4 shows typical micrographs of the microstructure of the A356 ingots poured at various CSC parameters. The micrographs were taken from different locations of the A356 ingots. It can be observed that the degeneration of the dendritic structure and refinement in the morphology of the primary α-Al phase in the CSC ingots is the consequence of the fractional solidification that occurs on the cooling slope plate. Generally, the radius zones exhibited finer primary α-Al grains than the mid-radius and center zones. This is due to the larger amount of heat dissipated from the molten metal through the wall of the mold allowing the formation of finer grains. . When the tilt angle increased than a certain value this make the slurry passing the inclined plate with very high speed, decreasing the amount of heat dissipated from the molten metal that makes it reaches at the end of the inclined plate and collected in the die in the form of semi-solid with low solid particle content and high liquid fraction [15] .
It has been found that, for ingots poured at 620 o C, increasing the cooling slope length reduces the average size of the primary α-Al grains (see Fig. 5a ). o reduces the size of the primary α-Al grains. However, increasing the tilt angle from 45 to 60 o tends to increase the size of the primary α-Al grains at both axial and radial positions (see Fig. 6a and 6b) . The results showed also that, at both the positions increasing the pouring temperature from 620 to Table 3 lists the ANOVA results for the size of the α-Al primary grains. The analysis was carried out for a level of significance of 5 percent (i.e. the confidence limit is equal to 95 per cent). The last column in Table 3 shows the percentage of contribution (P c ) of each factor on the total variation indicating the influence of the factors on the results. It can be observed that tilt angle (P c =28.97%), cooling slope length (P c = 17.1326%), pouring temperature (P c =11.568%), the interaction tilt angle/cooling slope length (P c =11.5426%), and the interaction cooling slope length/pouring temperature (P c =13.56%) have the greatest statistical and physical significance on the grain size of α-Al grains. It was also found that the interaction tilt angle/pouring temperature (P c = 9.7268%) and the Figure 8 shows the variation of the average shape factor of the A356 alloy ingots with the tilt angle at different pouring temperatures and cooling slope lengths. At constant pouring temperature and cooling slope length, increasing the tilt angle reduces the average shape factor of the A356 alloy ingot. Figure 9 shows the variations of the average shape factor with the different cooling slope casting parameters at both axial and radius positions of the A356 alloy ingots. Generally, increasing the tilt angle reduces the shape factor at both axial (top, middle and bottom) and radial (radius, mid-radius and center) positions of the poured ingots. In contrast, increasing the pouring temperature increases the shape factor at both the axial and radial positions of the A356 ingots (see Fig. 9c and 9d) . The top positions of the ingots exhibited higher shape factor than the bottom and middle of the ingots. Moreover, the radius (near wall) positions exhibited higher shape factor than the center and mid-radius positions of the ingots. Table 4 shows the results of the ANOVA for the porosity content. The analysis was carried out for a level of significance of 5 per cent. From the analysis of Table 4 , it can be observed that tilt angle (P c = 43.885%) and cooling length (P c = 15.537%) have the highest statistical and physical significance on the shape factor of the α-Al primary grains. The pouring temperature (P c = 3.044%) have lowest statistical and physical significance on the shape factor.
Effect of CSC Parameters on the Shape Factor of the primary α-Al Phase
From the aforementioned results, it can be concluded that the tilt angle has the most significant effect on both the grain size and shape factor of the α-Al primary grains. While the pouring temperature has the lowest significant effect on both the grain size and shape factor of the α-Al primary grains. Such results were reported by many workers [1, 13, 15, 16] . Pouring the molten metal on a slope plate with large angle make the metal flow rapidly and this leads to poor formation in solid fraction due to low heat transfer from the molten metal that results in coarse grains with bad shape factor, so when pouring the molten metal on a cooling slope plate with small tilt angle this give the chance of increasing the number of nucleated and detached crystals that produces fine grains with better shape factor, but if the tilt angle become very small this leads to more time needed for the metal to pass on the slope plate and as a result the cooling rate will be very large which leads to the sticking of the semi-solid metal on the cooling plate and the die will not be completely filled with the metal. In the 
CONCLUSIONS
The conclusions of significance are drawn as follows: 
